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components of the samples were verified via X-ray photoelectron spectroscopy (XPS, British VG Scientific ESCALAB 250 with an Al K α source; Sussex, UK). The thicknesses and morphology of exfoliated WSe 2 nanosheets were analyzed using an atomic force microscope (NX10, AFM Park Systems, Suwon, South Korea). Small angle X-ray scattering (SAXS) data were generated using the BL17A1 wiggler beamline of the National Synchrotron Radiation Research Center (NSRRC), Taiwan. Each samples was sealed in polyimide film (Kapton,12 μm-thickness) and analyzed at 25 °C using an X-ray photon of wavelength 0.113 nm and beam diameter of 1.0 mm (q-range: 5-100 Å -1 ). Table S1 . Thermal properties for the second heating and first cooling cycles based on DSC curves. 
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DSC measurements were performed using a PerkinElmer-DSC 4000 analyzer to study the phase transition behavior for each phase change material and WSe 2 . Fig. S5 and VT-FTIR was carried out to validate the DSC results and investigate the relationship between hydrogen bonding interactions and thermodynamic phase transitions. Fig. S7 illustrates the VT-FTIR spectra of 50/50 WSe 2 /A-PPG composite from 25 °C to 120 °C.
The two stretching vibration peaks of hydrogen bonded N-H at 3111 cm -1 and 3285 cm -1 were observed in the higher wavenumber region (2800-3600 cm -1 ) at 25 °C, and shifted to a higher wavenumber (cm -1 ) as temperature increased to 120 °C. In addition, a free amine N-H stretching vibration appeared at around 3491 cm -1 at 120 °C. S1 In the lower S13 wavenumber region of 1500-1800 cm -1 at 25 °C, three characteristic peaks were present at 1595 cm -1 , 1664 cm -1 and 1723 cm -1 ascribed to C=N stretching vibrations (V C=N ),
hydrogen-bonded C-N stretching (V C-N ) and semi-crystalline ester-carbonyl C=O stretching vibrations (V C=O ), respectively. S2 The first two amine peaks shifted to lower wave number peaks at 1592 and 1635 cm -1 , but the ester-carbonyl peak at 1723 cm -1 shifted to a higher wavenumber (1733 cm -1 ) at 120 °C, , suggesting destruction of the hydrogen-bonded conformation as temperature increased up to 120 °C. S3 Generally, during heating and melting, the hydrogen-bonded dimers between adenine groups were disturbed and weakened successively, and an order-disorder transition from a semicrystalline solid to the liquid state occurred. However, when the temperature was reduced to 30 °C, the spectrum spontaneously reverted to the original semi-crystalline pattern,
indicating WSe 2 /A-PPG contains stable thermoreversible hydrogen bond interactions in the bulk state (Fig. S7 ). In addition, these results further demonstrate the exfoliated WSe 2 nanosheets do not affect hydrogen bond reversibility as temperature varies and also promote the formation of contractile and extended lamellar structures on the surface of the 1T-and 2H-WSe 2 phases, respectively. The association constant (K a ) of A-PPG as determined by 1 H-NMR titration method ( Fig.   S9 ) and calculated from the slope of the plot (Fig. S10 ) was 1.2 M -1 , which is consistent with K a values reported in previous works (ca. <5 M -1 in CDCl 3 ). S4-S6 
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